I'l.4-CONS_USE CONSUMPTI VE USE OPERATI ON

| nt r oducti on

Operati on CONS_USE accounts for the inpacts of surface water
irrigation on streanflow.

This Operation was devel oped to provide an alternative to the current
manual specification of diversion flows to adjust |ong and short-term
streanfl ow forecasts. The nodel is a | unped nodel which assunes an
equi val ent crop over the irrigated area, limts diversions to the
avai |l abl e water and maintains 'return flow . Design of this
Operation relied heavily on coordination with the Sacranmento Soi

Moi sture Accounting (SAC-SMA) Operation in order to maintain the
basi n wat er bal ance.

Irrigation Overvi ew

Irrigation exists where normal rainfall over agricultural lands is

i nadequate for satisfying crop requirenents and water can be supplied
fromelsewhere. Crop water requirenents can be equated to crop
evapotranspiration (ET), since virtually all of the water used in

pl ant growth (photosynthesis) |eaves the plant into the atnosphere

ET depends on the type of crop, stage in the crop’s growi ng cycle and
nmet eor ol ogi cal conditions (ASCE 1990). Water can be supplied from
surface waters by various nethods to neet crop noisture deficiencies.
Wil e water can be supplied fromground waters and across wat er sheds,
this operation is linited to basins with self-contained surface water
irrigation. In addition water rights and | aw can infl uence what
water is available in a particular watershed; however this is not
addressed in the nodel.

Consi der a possible lunmped description of surface water irrigation.
The total volune of water required by the crops is the ET | ess any
precipitation (infiltration) over the entire irrigated area. Water
is diverted, but is linmted by the natural flow in the river. Due to
the inefficiencies in transporting water fromthe river to the crops,
nmore volune is diverted than neets the crop requirenents. The
inefficiencies in diverting water to the crops include the addition
to groundwat er storage termed 'return flow and other |losses. A
fraction of this diversion, '"return flow, returns to the river after
sone delay. Oher losses refers to any diverted water not accounted
for by crop demand or 'return flow and would include deep aquifer
recharge and evaporation during transport to the fields. This
description of surface water irrigation is shown in Figure 1.

Evapotranspirati on (ET) Estimation

Several methods exist for the enpirical estimation of crop ET. These
i ncl ude tenperature, pan evaporation, radiation and conbi nation

met hods, referring to the data requirenments of each nethod. All

met hods use enpirical coefficients to conpute crop ET which depends
on the crops and climate of a region (ASCE 1990). Internally
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Operati on CONS_USE uses a tenperature nethod for ET estimation, the
SCS Bl aney-Criddl e nmethod which has been used in the Western United
States (see Chapter I1.4-CONS_USE-ET). Since nore accurate mean
areal potential evapotranspiration time series nmay becone avail able
the option to input this tinme series is included.

Consunmpti ve Use Mbdel

An agricultural diversion nodel was designed which enulates the

| unped description shown previously. The option exists in the node
to input potential ET or utilize the internal SCS Bl aney-Criddle ET
estimation nethod. |If potential ET is input it is multiplied by a
daily enpirical coefficient to obtain the actual crop ET as shown in
Equation 1. Daily enpirical coefficients are linearly interpolated
frommd-nmonth coefficients determ ned during calibration.

ET = k * PE (1)

where ET is the actual crop ET (L)
PE is the potential ET (L)
k is the enpirical crop and neteorol ogical coefficient

For the internal SCS Blaney Criddle option, ET is conputed from nean
daily tenperature, daily percent of annual daylight hours and daily
enpirical coefficients (ASCE 1990). This calculation is shown in
Equation 2:

ET=k *t * p/ 100 (2)

where t is the nmean daily tenperature (T)
pis the daily percent of annual daytinme hours

Tenperature, latitude and Julian day nust be input while nid-nmonth
enpirical coefficients are deternined during calibration. See
Chapter 11.4-CON_USE-ET for a description of the SCS Blaney Criddle
met hod.

At this point there nust be coordi nati on between Operations. Since
ET is specified in Operation CONS _USE for the grow ng season the ET
specified in Operation SAC-SMA nust be set to zero to naintain the
wat er bal ance. This should be done with the irrigation area set up
as its own sub-basin. This will keep the tension water contents from
depl eti ng (Burnash, 1996) and better reflect the soil characteristics
of the irrigated area.

Anot her item of coordination involves precipitation input. Wile
precipitation is shown in the previous irrigation diagramand could
be used to satisfy crop ET, precipitation is already input for
Operati on

SAC- SMA.  The choi ce was made to exclude precipitation fromthe
CONS_USE operation. First this maintains the water balance with
Operati on SAC-SMA. Second precipitation is scarce over the irrigated
area. Finally the percentage of irrigated area in relation to the
entire watershed is typically small. Further evaluation of
precipitation i npacts needs to be nmade on basins where the percentage
of irrigated area is large. Excluding precipitation, ET is
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multiplied by the irrigation area to determine the crop demand. An
equi val ent crop is assuned over the entire irrigated area. Equation
3 illustrates this fornulation:

CD = ET * A (3)

where CD is the crop demand (L3)
A is the irrigated area (L2)

The diversion is the crop demand divided by an irrigation efficiency

as shown in Equation 4. Irrigation efficiency is another paraneter
which is determined in calibration. Since precipitation is not

i ncluded in the conputations for crop demand, this diversion will not
mat ch the observed diversion during periods of rainfall. However

conpl ete diversion information is nost often unavail able.
DQ=CD/ e (4)

where DQ is the net diversion (L3)
e is theirrigation efficiency

Irrigation contributes to additional groundwater supply called
"return flow . To account for the delay in getting back to the
river, 'return flow is nodeled as a single, well-n xed reservoir.
Inflow is a percentage of the net diversion, while outflowis first-
order decay of storage as shown in Equations 5, 6 and 7. The
accunul ati on and decay rates are calibration paranmeters, while an
initial "return flow storage would need to be specified at the

begi nning of a sinulation.

d(RFstor)/dt = RFin - RFout (5)
RFin = DQ * cl (6)
RFout = RFstor * c2 (7)
where RFstor is the return flow storage (L3)

RFi n is the return flowin (L3)

Rf out is the return flow out (L3)

cl is the return flow accunul ation rate

c2 is the return flow decay rate (1/T)

Adj usted runoff is natural plus 'return flow out |ess diversion
fl ows as shown in Equation 8:

Q = NQ + RFout - DQ (8)

where Q is the adjusted flow (L3)
NQ is the natural flow (before diversions, L3)

For accounting purposes losses in transport to evaporation or to the
subsurface aquifer can be computed as shown in Equation 9:

O =DQ- G- Rin (9)
where OL is the other |osses (transport, subsurface, L3)
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There are constraints associated with the consunptive use

cal cul ati ons. First, a mininmmflow requirenment nust be met before
di version requirenments are fulfilled. [If the m ninmmflow

requi rement can not be satisfied by the natural runoff and 'return
flow out, then there can be no diversion. The final constraint is
that the '"return flow accunulation rate nust be | ess than The

mat hemati cal form of these constraints is shown in Equations 10, 11
and 12:

Q> Mlowif (NQ+tRFout) > M| ow (10)
Q = (NQ+RFout) if (NQ+tRFout) < M| ow (11)
cl<1- e (12)

where Mlow is the m ninum streanfl ow

Figure 2 is an illustration of all of the equations together on the
previously shown irrigation diagram Note that the differenti al
equation for return flow storage has been converted to its finite
difference explicit formwith a daily time step.

Tinme Series | nput and Qut put

Required input is natural flow, mean daily, nean areal tenperature;
daily mean areal precipitation; and possibly potential ET. Since
natural flowis required as input to the consunptive use nodel the
resulting Qperation has to foll ow any Operations that conpute the
natural flow, including routing Qperations. The primary output from
Oper ati on CONS_USE woul d be adjusted and diversion flow, while
secondary output includes the 'return flow in, 'return flow out,

ot her | osses, crop demand and crop ET.

Par aneter Estimati on

Local information will need to be gathered to assist in the initial
estimati on of consunptive use nodel paranmeters. The irrigated area
in your basin may be determ ned from U. S. Geol ogi cal Survey (USGS)
annual Water Resources Data publications for each state. These sane
periodicals can indicate if significant water is lost to major
aquifers. State water bureaus can be contacted to find out the type
of crops and nmethods of irrigation in a region. The ASCE reference
listed at the end of this paper contains informati on on reference
crop ET at several | ocations.

VWhat follows is the initial CONS_USE paraneter estimation for the
Shel l ey Local (SHYI1X) calibration. GCeneral basin information is
shown in table 1. Area and period of record i nformati on was obt ai ned
fromthe USGS 1996 |daho Water Resources Data publication (Brennan
1996). The remmining informati on was obtained utilizing the NAS

cali bration assi stance program whi ch accesses G S coverages

contai ning el evation, normal annual precipitation and forest cover.

Table 2 contains irrigation area information supplied by the sanme
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USGS publication mentioned previously (Brennan 1996). Contact with
the U.S. Bureau of Reclamation in Boise, |Idaho, indicated the type of
crops and irrigation nmethods in this region. A specific study on the
Snake River Aquifer created by the USGS with the |Idaho Bureau of

Recl amati on i ndi cat es whi ch wat ersheds contri bute to the recharging
of the aquifer (Norvitch 1969).

Now t hat informati on about the basin and its irrigation
characteristics are known, initial paranmeter estimation can begin.
First determine the irrigated area. Although Operati on CONS_USE
nmodel s only surface water irrigation and assunes no transfers between
basi ns, a general rule can be followed which accounts for these

i mpacts with the mininumerror. The rule is to only include those
areas irrigated fromw thin the basin by surface waters. This would
i ncl ude areas outside the basin which are irrigated fromw thin the
basin. Areas irrigated with water from other basins or from
groundwat er woul d be excluded. FErrors associated with this

nmet hodol ogy would prinmarily affect the anount of 'return flow or
basefl ow. The conputation of the irrigated area for SHYI1X fol |l ows:

Irrigated Area = 501 - 123 - 8 + 61 = 431 M2 = 1116 KM

Once the irrigated area has been deternined the areas of the
sub-basins in Operation SAC-SMA nust be determ ned. Due to water

bal ance questions nentioned previously, the irrigated portion of the
contributing basin should be nodeled as its own sub-basin. These
conmput ati ons are shown as foll ows:

SAC-SMA Irrigated sub-basin = 501 - 123 - 8
SAC- SMA Non-irrigated sub-basin = 491 - 370

370 M 2
121 M2

75%
25%

Notice that the total irrigated area is greater than the area of the
contributing I ocal basin. This is often the case due to the transfer
of water across basins. The irrigated area outside the contributing
| ocal basin should not be npdel ed by Operation SAC-SMA in this
Segnent .

The next parameter to be determned is the latitude of the irrigated
area. This is used in the daylight hour conputations and shoul d
reflect the average latitude of the irrigated area, including that
which is outside the local area. Local know edge and thematic maps
can be used to ascertain where agriculture occurs in a basin. The
latitude of the SHYl1X irrigated area is 43.65, a positive nunber

i ndi cating North.

Irrigation efficiency is estimated primarily fromthe methods of
irrigation used, but can be influenced by the | ocal geology. 1In the
Nort hwest, typical values of efficiency for gravity (canals) and
sprinkler (piping) irrigation are 0.50 and 0.75, respectively
(A. G Crook Conpany 1993). Since there are extensive networks of
canals in the SHYlI 1X area, an estimate of 0.50 for the efficiency
woul d be appropriate. Due to considerable losses to the Snake River
Aquifer, this estimte was reduced to an efficiency of 0.40 for

SHYI 1X.

For the mininmum fl ow paraneter, begin with an initial estimate of 1.0
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cnsd. Due to regulation upstreamof SHYI1X, this is not a
particularly inportant parameter. |In other areas, rivers may have
nm ni mum stream fl ows which they are required to neet and which coul d
be input for Operati on CONS_USE

Computation of the initial estimates of the consunptive use
coefficients can be made utilizing the average tenperatures fromthe
irrigated area MAT, the nonthly percent of annual daytinme hours and
crop reference ET. The crop reference ET is dependent of crop type
and | ocati on. For SHYI 1X, the crop reference ET was for alfalfa at
Ki mberly, ldaho (ASCE 1990). The nonthly percent of annual daytine
hours for a range of latitudes is shown in a table in the sane
source. Table 3 illustrates these conputations. For the nonths
out si de the growi ng season, the enpirical coefficients should be set
to zero. In Operation SAC-SMA for the irrigated sub-basin, the ET
val ues shoul d be set to zero during the growi ng season. This
preserves the water bal ance and does not allow depletion of the
tensi on water contents, nore accurately reflecting the contents of
the irrigated I and.

The return flow accunul ation rate is closely related to the
irrigation efficiency. The maximum allowable rate equals '1 -
efficiency'. It is dependent on the methods of irrigation and can be
i npacted by aquifer |losses. For primarily gravity irrigation, the
return flow accunul ation rate vary between 0.25 and 0.50. The rates
for sprinkler irrigation are 0.05 to 0.25. The SHYI 1X esti mate woul d
be towards the I ower end of the gravity range due to aquifer |osses,
0. 25.

The return flow decay rate is nodeled simlar to the | ower zone
contents in Operation SAC-SMA. The boundaries for this value would
be LZSK and LZPK, probably closer to LZPK, 0.003.

Return flowinitial storage is the only carry over value in Operation
CONS_USE. The procedure for conputing an initial value for October 1
is shown in table 4. Another way to do this is to sinply run the

nmodel with any value for a nunmber of years. |In the later years of
the sinul ation, typical values of the return flow storage will be
shown.

Cali bration Strateqies

Since irrigation practices change with tinme, it is suggested that the
calibration period of record be constrained to the |ast 10-15 years.
It is recommended that the other mpdel s (SAGC SMA, SNOW 17, etc) be
calibrated before adding Operation CONS_USE. The |atitude and area
paranmeters should not be adjusted. Instead nodify the efficiency to
i ncrease/ decrease diversions for all nmonths. Mdify the return flow
accunul ation rate to increase/decrease volune in the Fall and early
Wnter. Enpirical coefficients for the beginning and endi ng nont hs
will probably need to be | owered since the reference ET is for the
entire nonth instead of the partial nonth. The remaining enpirical
coefficients can be tweaked as necessary to obtain the optinmm

si mul ati on.
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Fi nal Comments

Operati on CONS_USE can provide for streanflow forecasts and perforns
well over the long-term especially in water years with a limted
supply of water. On a daily basis it may indicate trends but does

not sinulate as well. Since the SCS Bl aney-Criddle estimtion nmethod
was originally developed to be used on a nmonthly basis this is not
entirely unexpected. It appears that the exclusion of precipitation

from Operation CONS_USE did not adversely affect the test
calibrations, including a basin with a |arge percentage of irrigated
area. Finally the ability to nodify the diversion flows on a daily
basis is being considered.
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Table 1. SHYl 1X basin informati on

SHYI'1X = SHYI1 - (HE I 1R + REXI1IR + RIRI 1R

SHYI 1X = Shel |l ey Local Watershed

SHYI'1 = Snake River Near Shelley (9720 M 2)

HElI | 1R = Snake River at Heisse (5752 M 2), Routed
REXI 1R = Henry's Fork Near Rexburg (2920 M 2), Routed
RIRI1IR = WIllow Creek Near Ririe (627 M2), Routed

Local Area = 9720 - (5752 + 2920 + 627) = 491 M2
El evati on Range = 4599 - 6380 FT, 50% = 4819 FT
Nor mal Annual Precipitation (PRISM = 12.31 IN
Forest Cover = 4%

Limting Period of Record, RIRI1 (85-95)
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Table 2. SHYI1X irrigation infornation

HEII1 - 104,000 acres irrigated

REXI'1 - 205,000 acres irrigated
- 21,000 acres of the above by groundwater
- 5,000 acres additional bel ow gage
RIR 1 - 7,300 acres irrigated

SHYl'1 - 637,000 acres irrigated
- 100, 000 acres of the above by groundwater
- 39,000 acres additional bel ow gage

Conput ati ons

637,000 - (104,000 + 205,000 + 7,300) = 320,700
acres
- 100, 000 - (21,000) = 79,000 acres

SHYI 1X - 320,700 acres irrigated (501 M 2)
- 79,000 acres of the above by groundwater (123
M 2)
- 5,000 acres of the above from above REXI1 (8
M 2)

- 39,000 acres additional bel ow gage (61 M 2)

- nost prevalent crop, alfalfa

- extensive network of canals to transport water to
fields

- considerable | eakage into the Snake Ri ver Aquifer
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Tabl e 3. SHYI 1X enpirica

coefficient conputations

(1) (2) (3) (4) (5) (6) (7)
Mont Averag | Monthly SCS Bl aney | SCS Al falfa
h e MAT per cent Criddle Bl aney ET K
( DEGF) dayl i ght | Raw (k=1) Criddle Referenc |Estimate
(HR) (I N nont h) Raw e
(k=1) Ki mber |y
(2)*(3)/10 |(MVday) |,
0 | daho (6)/(5)
(MVI day)
Apr 42. 80 9. 05 3. 87 3.28 4.2 1.28
May 52.10 10. 25 5.34 4.38 6.1 1.39
Jun 59. 60 10. 39 6.19 5.24 7.5 1.43
Jul 66. 80 10. 49 7.01 5.74 7.9 1.38
Aug 64. 90 9.71 6. 30 5.16 6.9 1.34
Sep 55. 90 8.41 4.70 3.98 5.2 1.31
Oct 45. 10 7. 64 3.45 2.83 3.2 1.13
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Table 4. Initial return flow storage estimation for October 1

Det ermi ne seasonal reference crop ET, alfalfa:
1060 MM ( ASCE 1990)

Di vide by efficiency to get seasonal diversion:
1060/ 0. 40 = 2650 WM

Mul tiply by return flow accurul ation rate to get the seasonal
accunul ati on of return flow storage:
2650 * 0.25 = 662.5 MM

Al l owi ng for continual decay of storage take 50% of the seasonal

accunul ati on:
estimate = 331 MM
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Figure 1. Irrigation diagram

Irrigation Diagram

Precipitation l

Evapotranspiration }

River
Diversion Crop Demand
Return Return Irrigated Area
Flow Out Flow In

Other Losses
(Transport, Subsurface)

Return Flow Storage
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Figure 2. Irrigation diagramw th equations

Irrigation Diagram w/ Equations

Constraints: 1. Q>Miow If (NQ+RFout)>Mrow
2. Q=(NQ+RFaut) if (NQ+RFout)<Miow

3. ¢cl<1-e
Q=NQ+RFot-DQ ET=k*t*p/100
RFout = RFin = A
RFstar*c2 DQ*c1

OL=DQ-CD-RFin

R Fstor( 1 )=RFstor(0)+ RFin-RFout
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